Abstract. We introduce a project-based concept for teaching Augmented Reality (AR) applications in a lab course. The key element of the course is that the students develop a stand-alone application based on their own idea. The complexity of Augmented Reality applications requires software engineering skills and the integration of AR specific solutions to occurring problems.
Introduction
Augmented Reality Applications are gaining more and more attention in the last view years. Augmented Reality (AR) is no longer found only in research laboratories. The first commercial applications are already available. AR is used for advertisement purposes or navigation systems. The car manufacturer BMW presents the Mini Cabrio with an AR print advertisement 1 . Another AR application is the Virtual mirror provided by the sunglass company Ray-Ban, which enables the user to virtually try on sun glasses 2 . Also navigation systems like Wikitude 3 augment the street with virtual navigation information shown on mobile devices. These are only the first steps. AR has a very high potential for the future. Therefore it is very important to teach AR in universities in order to educate the next generation of students, which is able to work in the field after finishing their studies.
We present in this paper the concept of our project-based Augmented Reality lab course first introduced in the winter term 2009. The lab course gained support form the excellence initiative at the university as "Leuchtturm Praktikum" in winter 2009. This initiative awards courses which are very hands-on and which use state-of the art technology. The AR lab course aims to teach the various aspects that must be considered in order to create an Augmented Reality (AR) application. These aspects concern low-level as well as high level implementation and therefore cover the full bandwidth of challenges in building an AR application. The students are taught on the usage of modern software development toolkits and off-the-shelf hardware to program their own stand-alone AR application during the semester.
Students do not necessarily need preliminary knowledge in Augmented Reality but it is an advantage. The fields of study of the students during the last two semester were Computer Science and Computational Science and Engineering. The course is a major part of their semester as students get 10 ECTS points while 30 points are recommended for each semester.
Earlier AR courses wich are offered already since ten years at the Technical University of Munich (TUM) were more exercise based [1] . The newer, project-based concept of the AR lab course, introduced in this publication, fulfills also the requirements from the official university module description 4 . The students should gain the following skills during the lab course:
-The competence to apply state-of-the-art methods and systems -The ability to work goal-oriented and in teams -Skills to present and document the results
The project-based concept of the course provides a broad range of experience in building Augmented Reality Applications. Those issues range from tracking infrared as well as paper-based markers, to sending data over network connection, to controlling Bluetooth devices. Also non-technical skills are addressed like the development of the application idea and concept as well as the design of the graphics. The students gain knowledge in interpersonal skills like team work and project management. They build the applications in groups from the first idea to the final application, which can be demonstrated at the end of the term. Building a time schedule with project milestones, splitting the work, and putting all individual parts together are also essential parts of the student work.
Related Work
Some teaching concepts are briefly reviewed in the following paragraphs due to their importance or inspiration. Maxwell did a survey of different computer vision and image processing courses [2] . He mentions all courses to teach the students well known algorithms by using real-world images and problems. From the survey it is clear that satisfying results are important for the motivation of the students. Analog to this observation we also want to lead the students to build successfully applications that will be demonstrated in public at our chair for one week at the end.
Essa and Brostow [3] aim also for the high motivation of students for creating digital video effects in small projects in order to teach the syllabus of the course. Their
